Detection of the carcinogenic water pollutant benzo[a]pyrene with an electro-switchable biosurface.
The toxic nature of polycyclic aromatic hydrocarbons (PAHs), in particular benzo[a]pyrene (B[a]P), neccessitates the monitoring of PAH contamination levels in food and the environment. Here we introduce an indirect immunoassay format using electro-switchable biosurfaces (ESB) for the detection of B[a]P in water. The association of anti-B[a]P antibodies to microelectrodes is analyzed in real-time by measuring changes in the oscillation dynamics of DNA nanolever probes, which are driven to switch their orientations by high-frequency electrical actuation. From the association kinetics, the active concentration of anti-B[a]P, and hence the B[a]P contamination of the sample, can be determined with picomolar sensitivity. The detection limit of the assay improves with measurement time because increasingly accurate analyses of the binding kinetics become possible. It is demonstrated that an exceedance of the permissible 10 ng/L (40 pM) limit for B[a]P is detectable in an unprecedented short assay time (<1 h), using a simple three-step workflow involving minimal sample preparation. The reproducibility was satisfying with standard deviations below 5%. Further, the utility of the assay for practical applications is exemplified by analyzing a river water sample.